BACKGROUND: Mechanical bowel preparation before colectomy is controversial for several reasons, including a theoretically increased risk of Clostridium difficile infection.
C lostridium difficile may soon exceed methicillin-resistant Staphylococcus aureus as the primary cause of hospital-associated infections in the United States. 1 The virulence of C difficile infection (CDI) is escalating, with a national increase in mortality from 5.7 per million population in 1999 to 23.7 per million population in 2004. [1] [2] [3] The increasing incidence of CDI is a particular burden among surgical patients for several reasons. 4, 5 Patients undergoing surgical resection are subject to the usual host risk factors including immunosuppression, age, and multiple comorbidities. 6 Perhaps most importantly, these patients regularly receive prophylactic antibiotic medication. Accordingly, current efforts to curb CDI have focused on decreasing exposure to the organism and minimizing antimicrobial therapy. 6 -10 Among surgical patients, those who undergo colectomy are at a unique risk of CDI because of the additional physical disruption of the indigenous colonic microflora. 5 Traditionally, bowel preparation with oral antibiotics has been considered a cornerstone of preoperative care for patients undergoing colorectal surgery. 9 This process includes use of cathartics to rid the intestines of bulk stool along with oral antibiotics to kill residual live bacteria. More recently, however, the use of mechanical bowel preparation has been implicated as a possible antecedent to CDI because of the eradication of the normally protective microflora. 11 Therefore, the use of a bowel preparation before colectomy has become a topic of debate among traditionalists who cite prolonged experience with bowel preparation and empiricists who cite absence of benefit or even potential harm per randomized trial evidence. 7, 9, [11] [12] [13] [14] High-quality clinical data reflecting realistic patterns of use outside of the carefully controlled setting of a randomized trial or single institutions could help to clarify the risks and benefits of using a mechanical preparation among patients undergoing colectomy. The purpose of our study was to examine the association between use of mechanical bowel preparation and CDI among patients undergoing colectomy, using a clinical database that incorporates and supplements the American College of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP) database. A secondary goal was to assess the association between the incidence of CDI among patients undergoing colectomy who received bowel preparation with and without oral antibiotics.
MATERIALS AND METHODS

Patients and Data Collection
Data were collected as part of the Michigan Surgical Quality Collaborative (MSQC), a program sponsored in part by Blue Cross and Blue Shield of Michigan/Blue Care Network to measure and improve the quality of care through regional collaboration. 15 A coalition of 34 teaching and community hospitals across the state of Michigan are en-rolled in the MSQC. The Colectomy Project, a special 24hospital subset of the larger MSQC initiative, was started in 2007 to better understand best practices in various areas of colon surgery as identified by 4 Current Procedural Terminology codes (open segmental colectomy (44204), laparoscopic segmental colectomy (44140), ileocolic resection (44205), and laparoscopic ileocolic resection (44160)). 15 Adult patients (21 years and older) admitted to participating hospitals for colectomy between August 15, 2007 and June 30, 2009 were eligible for the study. Patients undergoing emergent or urgent colectomy were excluded. The patient clinical data were abstracted from patient charts by dedicated Surgical Clinical Reviewers who were trained and responsible for extracting the ACS-NSQIP data and 25 additional data elements pertinent to patients undergoing colectomy, in accordance with the policies and procedures prescribed for the ACS-NSQIP database. 16 Requisite procedure includes a follow-up for surgical complications (including CDI) for 30 days after the surgical procedure date via electronic records, paper charts, phone call, and/or follow-up letter. 17 Institutional review board approval was obtained from the University of Michigan Institutional Review Board-Medical (HUM00033887).
Variables
The primary dependent variable was presence of infection with the C difficile organism, identified by laboratory detection of the toxin in the stool or by a positive stool culture. Empirical treatment alone or diagnosis without laboratory evidence did not qualify. The primary independent variable was use of mechanical bowel preparation obtained from electronic records and paper charts. Mechanical bowel preparation was defined to include the use of oral cathartics both with and without enemas. Patients who used enemas alone (1.6%) were not included under the definition of mechanical bowel preparation. In a secondary analysis, we tested the association between the use of oral antibiotic prophylaxis and CDI.
Statistical Analysis
Independent and dependent variables were analyzed in association with covariates routinely collected by the ACS-NSQIP database and the Colectomy Project (Table 1) . Univariate associations were assessed using 2 for categorical variables and the 2-sample t test for the continuous measures of age and BMI. The Fisher exact probability test was used when the expected frequency of any cell in the contingency table was Ͻ5. Variables that were significant at the 5% level (␣ Ͻ .05) in the univariate analysis were sequentially incorporated into the model at the multivariate level to assess the association between mechanical bowel preparation and CDI after adjusting for the relevant factors. Analyses were conducted using SPSS software version 18 (Chicago, IL). A P value of Յ.05 was considered statistically significant. 
RESULTS
The initial cohort included 2297 patients who underwent a nonemergent colectomy between August 15, 2007 and June 30, 2009 . Seventeen patients were excluded because they did not require postoperative hospitalization, and another 17 patients were excluded because of missing data (6 missing CDI and 11 missing mechanical bowel preparation) for a final total of 2263 inpatient colectomy patients ( Fig. 1 ).
Among the entire cohort, 74% of patients underwent a preoperative mechanical bowel preparation. Patients who did and did not undergo mechanical bowel preparation differed in several ways ( Table 2 ). Most notably, those who underwent a mechanical bowel preparation were more likely to be functionally independent and to have a lower (ie, healthier) ASA score. As a reflection of these variables, patients who underwent bowel preparation were less likely to have comorbid disease including cardiovascular, renal, or bleeding disorders or preoperative "sepsis."
Forty-one percent of patients who underwent a mechanical bowel preparation also used preoperative oral antibiotics ( Table 3 ). Patients who used oral antibiotics were more likely to be white and male, to report less use of steroids (2.3% vs 4.1%, P ϭ .05), and to report preoperative incidence of sepsis (2.2% vs 4.5%, P ϭ .01) than those who did not use oral antibiotics. In both comparisons (Tables 2  and 3) , patients with ileocolic resections were less likely than patients who underwent a segmental colectomy to use a mechanical bowel preparation and less likely to use oral antibiotics in conjunction with the prescribed mechanical bowel preparation.
The hospital median rate of CDI was 2.8%, ranging from 0 to 14.7%. In the full cohort, CDI was diagnosed in 54 patients (2.4%) based on a positive C difficile diagnostic laboratory result postoperatively. Among patients who had a bowel preparation, a CDI was diagnosed in 40 of 1685 (2.4%) ( Table 4 ). Among patients who had no bowel preparation, a CDI was diagnosed in 14 of 578 (2.4%). In unadjusted analysis, use of a mechanical bowel preparation was not associated with a higher risk of CDI than the absence of a mechanical bowel preparation (P ϭ .95). Among patients who underwent a mechanic bowel preparation, use of preoperative oral antibiotics showed a trend toward lower rates of CDI than omission of oral antibiotics, although this was not statistically significant (1.6% vs 2.9%, P ϭ .09). We performed a univariate analysis to identify other factors associated with CDI. After adjusting for variables that were statistically significant in the univariate analysis, multiple logistic regression revealed no association between the use of mechanical bowel preparation and CDI and no statistically significant association between the use of prophylactic oral antibiotics and CDI ( Table 5 ).
DISCUSSION
This study of 2263 patients undergoing colectomy from 24 hospitals does not show an association between the use of mechanical bowel preparation and postoperative CDI. Overall, a hospital median rate of 2.8% of patients (range, 0 -14.7%) were given diagnoses of CDI based on a positive C difficile diagnostic laboratory result postoperatively. We did identify a trend toward fewer CDIs among patients who used oral antibiotics with their bowel preparations compared with those who did not.
The findings of this multicenter study contradict an earlier single-center study, 11 and add to the controversy about mechanical bowel preparation and CDI risk. 11,18 -21 Therefore, it is important to note the differences between patients in our cohort who received a bowel preparation and those who did not. We found that healthier patients (lower ASA score, functional independence, and fewer comorbidities) were more likely to undergo mechanical bowel preparation. We conducted additional post hoc analyses adjusting for previously described risk factors for CDI, including renal disease and sepsis, 22 Both renal disease (0.1% vs 1%; P ϭ .001) and sepsis (3.6% vs 15.2%; P Ͻ .001) were reported at a higher rate among patients that did not undergo bowel preparation. Binary logistic regression revealed no significant association between the CDI and renal disease (P ϭ .08 (95% CI, 0.81-61.67)) or sepsis (P ϭ .38, (95% CI, 0.12-2.23)) among patients that used or did not use a bowel preparation. It is possible that future research will further clarify these potential associations. However, our dataset covers most of the state of Michigan and was built on and designed to be even more comprehensive (eg, oversampling colectomy cases, capturing use of bowel preparation, capturing laboratory-designated CDI) than the ACS-NSQIP, which is widely regarded as the highest-quality, large-scale (noncancer) clinical dataset available. It is unlikely that an adequate number of cases could be captured in a future effort, with the exception of a well-funded randomized controlled trial specifically designed to evaluate the use of mechanical bowel preparation.
Investigation of the association between bowel preparation and CDI is particularly timely because the national incidence of CDI has more than doubled in the past decade. 1, 3 Currently, the CDI-associated mortality rate has increased by approximately 4-fold in the United States, and is primarily associated with the hypervirulent strain identified as NAP1/BI/027 toxinotype III. 2, [23] [24] [25] Moreover, the financial burden of CDI is estimated to exceed $3 billion dollars a year, 26 not including the indirect costs of infection such as complications of treatment and time away from work and family.
The new NAP 1 strain of C difficile is unlikely to have caused this epidemic based on virulence alone. 27 Antibiotic therapy, antimicrobial resistance, and the increased use of gastric acid suppression have also been cited as potential contributing factors. 27 In addition, recent data suggest that the risk of CDI is increasing at a particularly rapid rate among surgical patients-an increase that has been most pronounced among those who undergo colectomy compared with other common inpatient procedures. 5 These findings may be a consequence of host risk factors such as immunosuppression, age, and multiple comorbidities 6 ; or, alternatively, they may be the result of exposure to prophylactic perioperative antibiotics 4, 28 ; or, finally, they may be due to the physical disruption of indigenous colonic microflora. 5 In a single-center study, 11 investigators demonstrated a higher rate of C difficile colitis when oral antibiotics were added to a mechanical bowel preparation regimen. It is plausible that the combined physical and chemical disruption of colonic microflora during the use of mechanical bowel preparation with oral antibiotics results in additive risk. However, the findings of our current multicenter study refute this hypothesis; patients who underwent bowel preparation before a colectomy had exactly the same rates of postoperative CDI as those who did not. Although the median hospital rate of CDI was lower in our cohort than the hospital rate in the single-center study (2.8% vs 4.2%), the total number of patients was 7-fold greater (2274 vs 304 patients) and included 24 hospitals, which supports the greater generalizability of our findings. The data associating mechanical bowel preparation with adverse outcomes including CDI 11,18 -21 have not been sufficient to transform clinical practice. As recently as 2003, the American Society of Colon and Rectal Surgeons estimated that 99% of members prescribed some type of mechanical bowel preparation and 75% used oral antibiotic prophylaxis as part of their standard preoperative protocol for elective colorectal surgery. 9 Advocates of bowel preparation cite intraoperative benefits such as improved handling of the bowel, better ability to palpate lesions, and reduced operative time 29 and reduced postoperative surgical site infections. 7, 12, 30 By contrast, proponents of abandoning preoperative bowel preparation cite higher rates of anastomotic dehiscence 18, 21 and infectious complications (sepsis, surgical site infections, peritonitis). 13, 18, 20, 31 An updated metaanalysis concluded that the practice should be stopped altogether. 19 Further fueling the debate around the compulsory practice is the additional patient discomfort, 6, 18 potential for dehydration, 20 and an undercurrent of a concern about an increasingly product-driven practice. 32 Several have suggested that a poorly executed bowel preparation regimen can actually place patients at greater risk because liquefied stool remaining in the bowel can more easily be introduced into the peritoneal cavity during surgery. 6, 7, 30 Most recently, a high-quality randomized controlled trial of mechanical bowel preparation showed equivalency in terms of surgical site infection and anastomotic leakage, but more intra-abdominal abscesses among patients without mechanical bowel preparation. 21 Although investigators concluded that it was safe to abandon mechanical bowel preparation, proponents of mechanical bowel preparation felt that this study justified its continued use. Thus, the debate about mechanical bowel preparation in the United States persists. Given that this practice is still the standard of care in the United States, studies that strive to define and delineate the risks of mechanical bowel preparation are increasingly important.
Our study is subject to several limitations, many of which are inherent to the limitations of conducting a retrospective analysis and the constraints of the MSQC/ACS-NSQIP dataset. First, we used a rigorous criterion for CDI diagnosis and it is likely that some patients were treated empirically without testing a C difficile toxin assay or culture. However, this represents normal practice, during which a certain proportion of CDI will be empirically treated and a certain proportion will be underdiagnosed. Second, although the sampling protocol of the ACS-NSQIP is designed to minimize selection bias, it is still possible that some selection bias may have been introduced by not including every case from every hospital. In an effort to mitigate this limitation, the Colectomy Project is designed to oversample colectomy cases specifically. In addition, all cases were elective and we have no reason to believe that any missed elective cases differed from recorded cases in the likelihood of use of a bowel preparation. Third, some patients may have been lost to follow-up or seen subsequently outside the collaborative hospitals. However, the size of our collaboration (24 hospitals within the region) and our reliance on chart ascertainment and 30-day follow-up with chart review, letters, and telephone calls by trained and dedicated Surgical Clinical Reviewers, rather than discharge diagnoses, reduce the risk of missed postoperative CDIs. Last, our dataset did not include the use of prophylactic antibiotics at the time of surgery and through the postoperative course. Although it is likely that a Adjusted for characteristics that achieved P Ͻ .05 association in univariate analyses. Among full cohort: body mass index, preoperative functional status, type of resection, ASA status, congestive heart failure, history of myocardial infarction, acute renal failure, steroid use, bleeding disorder, transfusions, sepsis, and transfer from health care facility. Among those who used a mechanical bowel preparation: body mass index, sex, race, type of resection, pneumonia, steroid use, and sepsis. b Cohort that used mechanical bowel preparation.
providers engaged in the usual practice of prophylactic antibiotic use before an elective colectomy (all cases in this cohort were elective) and postoperative cessation of antibiotics in compliance with Surgical Care Improvement Project measures, it is not possible to confirm this practice in this multi-institutional study.
In summary, our multicenter study of patients undergoing colectomy showed that use of a mechanical bowel preparation was irrelevant to postoperative CDI. Although abandoning the time-honored practice of bowel preparation before colectomy could reduce cost, workload, the distress and discomfort of the patient, it is unlikely to reduce the rate of CDI. Our data indicate abandoning mechanical bowel preparation (both with and without oral antibiotics) to reduce the risk of CDI is premature and will require additional empiric evidence before clinical practice changes can be implemented.
